Background. Ethnicity is an important determinant of post-renal transplant outcomes. Limited data are available on cardiovascular risk differences in kidney transplant recipients (KTR) based on ethnicity. Methods. A group of 129 clinically stable age-matched KTR [43 South Asian (SA), 86 Caucasian])
Introduction
Patients with end-stage renal disease remain at increased cardiovascular risk post-kidney transplantation [1] and South Asians (SA) are at particular risk for post-transplant cardiovascular disease (CVD) compared to other ethnic groups [2] . Although conventional risk factors explain a substantial portion of transplant-related cardiovascular risk, the most powerful models utilizing these such as the Framingham risk score (FRS) significantly underpredict post-transplant cardiac events [3] . The directed investigation of etiological factors especially relevant to large transplant population subgroups can therefore yield useful information that may help inform the design and implementation of measures to reduce overall post-transplant CVD burden.
Adiponectin is a protein secreted by adipose tissue that has both anti-inflammatory and anti-atherogenic properties [4] . Reduced adiponectin concentrations have been noted in SA compared to other ethnic groups in non-transplant populations [5] . Compared to Caucasians, SA also have a higher prevalence of glucose intolerance and lipid abnormalities [6] , a higher C-reactive protein (CRP) level [7] , waist-to-hip ratio [8] and apoB/apoA-I ratio [8] . Cystatin C, a marker of atherosclerosis and cardiovascular mortality [9] , varies by ethnicity in patients with kidney impairment [10] . However, extrapolating such observations from other populations to post-transplant groups is inadvisable [2] since the relationship of risk factor profiles to outcomes may be atypical [11] due to peculiarities in the post-transplant milieu. The primary objective of this hypothesis-generating study therefore was to determine if ethnic-specific differences exist in adiponectin concentrations, with the secondary objective being to identify other candidate novel cardiovascular risk factors unique to South Asian kidney transplant recipients (SA KTR).
Materials and methods
St. Michael's Hospital is a university-affiliated tertiary care medical surgical centre that currently provides This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com post-transplant care to~1200 adult single-organ KTR and performs 120 such transplants annually. The existing clinical database was queried to identify recipients of SA and Caucasian ancestry. A group of 129 clinically stable KTR matched 1:2 by ethnicity (43 SA and 86 Caucasian) and age (AE10 years) who were 3-60 months post-transplant were recruited at the time of a routine clinic visit for the measurement of plasma adiponectin concentrations and other biomarkers. This time frame was chosen due to the greater number of SA recipients transplanted in recent years and also to minimize the effects of advancing age or graft dysfunction on post-transplant outcomes. Informed consent was obtained from all recipients with translation assistance if needed, and the study was approved by the St. Michael's Hospital Research Ethics Board (08-233, 26 September 2008) .
SA status was defined as any self-reported ancestry from the Indian subcontinent (India, Pakistan, Bangladesh, Sri Lanka) whether born in those countries or elsewhere [2] , and Caucasian status as any ancestry from Europe. Those with known combined ancestry were deemed ineligible. For study inclusion, stable renal function was defined as a fluctuation in the serum creatinine value of <20% from baseline [12] in the 2 months immediately preceding recruitment. Multiorgan transplant recipients and hospitalized patients were excluded. Traditional Framingham risk factor-related information (demographic data, automated blood pressure using the BP TruÒ device, smoking and diabetes history) as well as body mass index (BMI) and waist-to-hip ratio as indices of obesity, in addition to estimated glomerular filtration rate (eGFR) as estimated by the modified Modification of Diet in Renal Diseases (MDRD) equation [13] , glycosylated hemoglobin (HbA1c), serum uric acid, highly sensitive CRP, parathyroid hormone (PTH) and morning urine albuminto-creatinine ratio (ACR) were all collected at the time of recruitment. Detailed information on immunosuppressive medication exposure, as well as cardiovascular risk-related medication, was obtained by chart review at the time of informed consent. Background CVD prevalence defined as major adverse cardiac events (MACE; myocardial infarction, coronary revascularization by angioplasty or bypass grafting or cardiac death) was assessed from charts blinded to individual patient identity by a cardiologist not associated with recruitment. FRS was calculated according to the method of Wilson et al. [14] . Delayed graft function was defined as the need for dialysis in the first post-operative week, acute rejection based on Banff 1997 criteria and new-onset diabetes based on the 2008 Canadian Diabetes Association guidelines [15] .
Standardized lipoprotein measurements on non-fasting samples were determined by ultracentrifugation as described earlier using methodology that does not require fasting [16] since non-fasting determinations of apolipoprotein B (apoB), apoA-I and triglycerides have been shown to be predictive of ischemic heart disease [17] and exercise and fasting/feeding do not affect serum adiponectin concentrations.
Total adiponectin was measured by enzyme-linked immunosorbent assay (Kit#EZHADP-61-K; Millipore, St. Charles, MO) with a between-day coefficient of variation of 4.4 and 6.8% at values of 5.5 and 27.4 lg/mL, respectively. Highmolecular-weight (HMW) adiponectin was separated by density gradient ultracentrifugation using an SW60 Beckman rotor and measured as previously described [17] . The method's between-day coefficient of variation was 14% for a serum pool with an HMW proportion of 32%. Cystatin C, apolipoprotein B and apolipoprotein AI were measured using the BN Prospec (Dade-Behring, Mississauga, ON). The eGFR estimated using cystatin C was derived using the Arnal-Dade formula (eGFR ¼ 74.835/[cystatin_c 3 1.333]) [18] .
The required sample size for this study was determined on the basis of adiponectin measurements in a previous study of women with gestational diabetes [19] wherein attaining 80% power required 40 SA/70 Caucasians in order to detect a 5.7% difference in adiponectin concentrations. Due to known gender differences in adiponectin, with females having higher levels, analyses were performed separately by gender. Between-group comparisons were made by Student's t-test, Wilcoxon rank-sum or chi-square testing as appropriate. Normality of adiponectin or log 10 adiponectin distribution was tested using the Kolmogorov-Smirnov test. Multivariable analysis of variance was performed using a mixed linear model for matched observations. A two-tailed P-value of <0.05 was considered significant for all analyses. SASÒ (Cary, NC) 9.1 was the statistical software used.
Results
There were 43 matched triplet sets of patients (43 SA, 86 Caucasians) studied. Their demographic and anthropometric characteristics are provided in Table 1 . There was no difference in any of the FRS contained risk factors between the two groups apart from smoking which was less in SA overall and non-existent among SA females. Among the non-FRS parameters, BMI but not waist-to-hip ratio was higher in Caucasian females. SA and Caucasian recipients differed in cyclosporine use (16 versus 5%, P ¼ 0.03) but there were no other differences in the immunosuppressive medication profile, including tacrolimus (81 versus 91%, P ¼ 0.13), mycophenolate mofetil (77 versus 76%, P ¼ 0.88) or prednisone (79 versus 79%, P ¼ 1.00). All patients received induction therapy with either basiliximab or anti-thymocyte globulin. SA and Caucasian recipients did not differ in use of cardioprotective medications such as angiotensin-converting enzyme (ACE) inhibitors (26 versus 17%, P ¼ 0.27), 3-hydroxyl 3-methylglutaryl coenzyme A reductase inhibitors (67 versus 69%, P ¼ 0.89), aspirin (35 versus 38%, P ¼ 0.69) or insulin (26 versus 14%, P ¼ 0.10). However, beta-blocker use was more prevalent in SA (42 versus 23%, P ¼ 0.02), particularly in women (69 versus 15%, P ¼ 0.001). SA women were taking on average 1.5 anti-hypertensive medications compared to 0.8 for Caucasian women (P ¼ 0.03).
There was no difference between groups in prior MACE rates or the FRS ( Table 1 ). The most striking difference between SA and Caucasian recipients was seen in total adiponectin concentrations and the percentage of HMW adiponectin. Both adiponectin and HMW adiponectin were significantly lower in SA of either gender. By contrast, there were no significant differences in the other novel risk factors (apoB/apoA-I ratio; cystatin C, CRP, uric acid or urine ACR). Interestingly, HbA1c values were higher in SA (Table 1) . Common health indicators such as hemoglobin and albumin were not different (data not shown). Overall, there was no difference in renal function as determined by either MDRD eGFR or cystatin C (Table 1) .
Adiponectin concentrations were significantly lower in males than females (P ¼ 0.001) and in SA than Caucasians (P < 0.001). The mean concentration of adiponectin found in SA males (8.9 lg/mL) and females (11.0 lg/mL) was found to be similar to that observed in our previous study of incident diabetes [20] . There was an insignificant difference in total adiponectin concentrations between those that experienced or did not experience previous MACE (10.6 AE 3.8 versus 12.1 AE 6.5 lg/mL, P ¼ 0.12), and similarly, no difference in HMW adiponectin (26.2 AE 10.6 versus 26.8 AE 10.8%, P ¼ 0.79).
Normality of distribution was noted for log 10 adiponectin but not untransformed adiponectin ( Figure 1 ). Univariate analysis of the determinants for log 10 adiponectin and HMW adiponectin is provided in Table 2 . The eGFR (MDRD) correlated inversely with log 10 adiponectin when all subjects were combined (r ¼ À0.271, P ¼ 0.002) and for females (r ¼ À0.398, P ¼ 0.01), but not males. By contrast, however, eGFR based on cystatin C was correlated inversely with log 10 adiponectin for all subjects combined (r ¼ À0.260, P ¼ 0.003), females (r ¼ À0.333, P ¼ 0.03) and males (r ¼ À0.283, P ¼ 0.007). High-density lipoprotein (HDL) cholesterol was positively cor-related with log 10 adiponectin for both females (r ¼ 0.471, P < 0.001) and males (r ¼ 0.271, P ¼ 0.01). HMW adiponectin was highly correlated with log 10 adiponectin in females (r ¼ 0.836, P < 0.001) and both log 10 adiponectin (r ¼ 0.809, P < 0.001) and HDL cholesterol (r ¼ 0.25, P ¼ 0.01) in males.
All significant variables from the univariate analysis (Table 2) were included in the initial multivariate models for total and HMW adiponectin, with waist-to-hip ratio substituted for BMI in separately and smoking and HDL cholesterol forced back in to the model. Results of the final multivariate model for total adiponectin demonstrated SA ethnicity (F ¼ 10.3, P ¼ 0.02), cystatin C-eGFR (F ¼ 15.48, P < 0.001), HDL cholesterol (F ¼ 41.3, P < 0.0001) and waist-to-hip ratio (F ¼ 9.52, P < 0.001) as significant predictors, while those for HMW adiponectin included SA ethnicity (F ¼ 16.66, P < 0.001), cystatin C-eGFR (F ¼ 4.6, P ¼ 0.03) and HDL cholesterol (F ¼ 11.77, P ¼ 0.001). The difference in total adiponectin was statistically significant independent of inclusion of variables for obesity, whether this was BMI or waistto-hip ratio. Unlike for total adiponectin, waist-to-hip ratio (F ¼ 1.3, P ¼ 0.26) was not a significant predictor of HMW adiponectin. In gender-based subanalysis, SA ethnicity, cystatin C-eGFR and HDL cholesterol were significant independent predictors of total adiponectin in both males and females ( Table 3 ). Total proportion of the variance in log 10 adiponectin (model R 2 ) in males was 26.7%, with HDL cholesterol explaining 8.1%, ethnicity 9% and cystatin C-eGFR 9% (partial R 2 ). Total proportion of the variance in log 10 adiponectin in females was 48%, with HDL cholesterol explaining 23.5%, ethnicity 11.8% and cystatin C-eGFR 9.6%. HMW adiponectin was also significantly associated with ethnicity in both males and females (Table 3 ). It was also significantly associated with HDL cholesterol in men and of borderline significance in women. Thus, the association of both adiponectin and HMW adiponectin with ethnicity appears to be independent of HDL cholesterol and weight.
Discussion
SA KTR experience more early and late post-transplant major cardiac events than other ethnic groups despite similar pretransplant screening, pre-transplant cardiac disease and FRSrelated factors [2] . In this matched cross-sectional analysis, we have demonstrated that KTR of SA origin have significantly diminished total adiponectin and HMW adiponectin concentrations compared to Caucasians despite the presence of a uniquely complex post-transplant milieu including ongoing chronic kidney disease and immunosuppressive therapy that is common to all KTR. The effect of ethnicity is independent of several other important independent predictors of adiponectin including renal function, HDL cholesterol and weight. Several studies have previously demonstrated lower adiponectin in SA in healthy subjects [21, 22] . The current study extends the existing literature to show that lower adiponectin is maintained in SA KTR compared with Caucasian recipients, by extending this observation to HMW adiponectin and by using the gold-standard ultracentrifugation method of separation. Thus, it is reasonable to hypothesize for future prospective studies that adiponectin is an important independent ethnicity-specific cardiac risk factor in KTR. Plasma adiponectin, an adipokine secreted almost exclusively by adipose tissue, represents almost 0.01% of total plasma protein. It is anti-atherogenic, anti-inflammatory and has insulin-sensitizing properties. Independent of the latter, it is associated with endothelium-dependent vasodilation [23] . Reconciling information about the significance of adiponectin concentrations in chronic kidney disease is difficult. Adiponectin concentrations are elevated in hemodialysis patients likely due in part to decreased clearance, but low adiponectin concentrations are associated with increased cardiovascular events [24] . Thus, the mechanisms of action of adiponectin and disease outcomes are consistent in dialysis patients with low adiponectin. It is unclear whether the mechanisms for increasing adiponectin, or adiponectin itself, are the determining factor for adverse outcomes for dialysis patients presenting with high adiponectin. Likewise, although adiponectin may be lowered after kidney transplantation [25, 26] from increased clearance, at least in male transplant recipients, low adiponectin is associated with increased CVD prevalence [27] . Opposing findings with higher adiponectin concentrations being associated with CVD and mortality have been reported in other populations [28, 29] . Low adiponectin also associates with more new-onset diabetes [30] . Moreover, although the HMW isoform (12mer or 18mer) that correlates best with insulin sensitivity is also elevated in end-stage renal disease, it may be lowered to a greater extent than total adiponectin after transplantation [26] . Therefore, if both low total and HMW adiponectin concentrations are indeed reflective of post-transplant CVD, then the particular role of ethnicity assumes considerable importance.
Understanding the mechanism by which SA ethnicity results in lower adiponectin will be beneficial in prioritizing the evaluation of pharmacologic and other therapies. Since adiponectin concentrations were found to be different in both men and women by ethnicity, it is unlikely that the known effects of androgens are responsible. Genetic, dietary and environmental causes need to be considered. A provocative hypothesis is that vitamin D is related to insulin resistance and adiponectin [31] . Deeper skin pigmentation along with cultural practices of reduced sun exposure may contribute to vitamin D deficiency in SA. In addition, KTR are often advised to avoid sun exposure to reduce the risk of cutaneous malignancy. Vitamin D receptor polymorphisms have also been associated with vitamin D concentrations in Canadians of different ethnicity [32] . Thus, genetic, dietary and environmental factors affecting vitamin D are candidates to explain the effect of ethnicity on adiponectin.
Measures, such as weight reduction and lifestyle modification, that are typically advocated for obese patients are known to increase plasma adiponectin concentration. HMW adiponectin in particular is increased after weight reduction [33] . Since the current study demonstrates that SA ethnicity is associated with both reduced total and HMW adiponectin independent of weight parameters, studies may be required of the specific effects of weight [4] . An evaluation of some of these drugs in SA transplant recipients would therefore seem potentially rewarding. The lack of a difference in apolipoprotein A1 and B and cystatin C with ethnicity indicates that adiponectin holds the greatest promise as a biomarker of cardiovascular risk post-transplantation in select transplant subpopulations. Although smoking cessation increases adiponectin [34] , this effect may depend on weight change and there were too few SA smokers in our cohort to examine its effect. Our study was limited by sample size in determining the relationship of adiponectin and prior MACE burden. It is also important to note that the current study was not designed to correlate specific risk factors to cardiovascular outcomes or the direction of the risk factor-cardiac event relationship but was powered sufficiently for its primary objective of detecting ethnic differences in adiponectin.
Canadian SA in the general population possess an increased risk for CVD [6] . North American SA have higher coronary heart disease mortality rates than individuals of either European or Chinese descent [35] , have more severe disease and may also present at an earlier age [36] . Canada has a large SA transplant recipient population at higher cardiovascular risk. Thus, determining the relationship of adiponectin concentrations to cardiovascular events and evaluating therapies to affect adiponectin concentrations in SA to potentially reduce their cardiovascular risk seem worthwhile endeavors. Table 2 . Univariate correlation between log-transformed adiponectin and selected risk factors 
